In this paper, we have gathered the conclusions of an experimental campaign dedicated to the microstructural characterization and the determination of the local elastic properties of various natural and artificial corrosion product layers. The results of micro-indentation testing and Raman spectroscopy coupled with a semi-quantitative analysis have been presented for the whole set of investigated materials, from early-age (2 weeks) corrosion products to 660 years-old massive corroded samples. An interpretation of the local Young's modulus and hardness values has been proposed by relying on a Gaussian mixture model. The relation between the observed morphologies of the corrosion products layers, their composition and the distribution of elastic modulus and indentation hardness has finally been discussed.
scopic samples of rust particles reduced to powder, using oedometer tests.
52
The resulting moduli are comprised between 0.3 and 5 GPa, this may be 53 explained by the fact that the initial structure of the corrosion products has values measured on natural [18, 3] or artificial [26] corrosion products are 65 comprised between 51 and 158 GPa.
66
Owing to the great dispersion of the mechanical properties identified for 67 iron oxides, and to their complex microstructure, it appears therefore neces-68 sary to study the porous DPL at the level of its components, with an aim 
Materials

87
The study has been conducted on different types of corrosion products, groupings are Mixture models assume that data originate from a source con- 
The density function can be written as the sum of the density functions total number of components:
π j is the proportion of component j. The vector ϕ contains all the unknown
vector of phase j and Σ j the covariance matrix), the parameters of the law
The function of density of components takes the form of a bivariate Gaus-239 sian distribution:
The problem is to determine the vector of unknown parameters ϕ.
241
The likehood function of the unknown parameter to maximize is defined 242 in the following way, in a logarithmic form:
for N indentation test points in R 2 .
245
The estimation of vector ϕ by the Maximum Likehood approach requires 246 the resolution of the following problem:
The resolution takes place iteratively. The Expectation-Maximization al- We start with a model ϕ picked at random in x i and a number of com- 
259
In order to determine the number of components which is the most appro-
260
priate to the experimental data, gmdistribution.fit is evaluated several times 261 by using the same input data x i , while the number of components g is varied.
262
The Bayesian Information Criterion is recorded at each computation. The 263 most appropriate number of components g is the number corresponding to 264 the highest probability of minimization of the following criterion: 372 E = 70 GPa), which may be due to the occurrence of ferrihydrite.
373
The results obtained from the combined micro-indentation and Raman
374
analysis are gathered in Table 3 . 
Statistical interpretation of micro-indentation results
376
For the natural corrosion products, the indentation grids have been per- 425 We can conclude that the various samples present distinct compositions.
Typical layouts of corrosion products and associated elasticity moduli
426
The early-age corrosion products developed in the laboratory under imposed phase or group of phases identified on the investigated corrosion samples.
465
Hardness is related to the elastic and plastic properties of a material [40] .
466
As already illustrated in Figure 9 , the hardness values are rather low, which
467
indicates a ductile behaviour with important plastic deformations [41, 40] .
468
Similar to Young's moduli values listed in Table 3 , we observe an overall 469 increase of H with the age of the specimen. As expected, we obtain from ) and H are strongly 472 correlated, for the whole set of samples and also for the identified phases. is also related to crystal structure, which is more stable for the older samples. 
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